Congenital defects/diseases Background:
Background
Common truncus arteriosus (CAT) is a rare congenital cardiac malformation in which a single arterial trunk that emerges from the heart gives rise to the systemic, pulmonary, and coronary arteries [1] . This occurs in 1% to 4% of all cases of congenital heart disease, and without intervention it is typically fatal during the first year of life. Other common cardiac-associated defects include: large, maligned outlet ventricular septal defects; anomalies of the coronary arteries (15%); interruption to the aortic arch (11% to 15%); right-sided aortic arch (33%), persistent left superior caval vein, atrial septal defect; and an anomalous subclavian artery [2, 3] . The early identification of these defects is imperative to reduce infant mortality and to address the best approach to their surgical correction. In particular, the combination of an interrupted aortic arch or truncal valve surgery with CAT carries high early mortality (29.8%, 30.0%, respectively) with high risk of reintervention in survivors [4] [5] [6] [7] . The association with chromosomal anomalies is consistent (8.7%), and up to 30% of patients with a CAT have the 22q11.2 deletion, which should be ruled out before surgical repair [8] [9] [10] . Additional associated anomalies of 22q11.2 deletion syndrome include renal anomalies, anal atresia, tethered cord syndrome, retrognathia, laryngotracheomalacia, vascular rings formed by a right aortic arch and aberrant left subclavian artery, with leftsided ligamentum arteriosum [11] .
We report here a case of CAT with fusion of the aorta with the right pulmonary artery, accompanied by hypoplasia of the ascending aorta without associated cardiac anomaly, which caused fatal congestive heart failure in a 3-day-old female infant.
Case Report History
A woman with her first pregnancy delivered a female newborn at the 41 st week of gestational age. There was no history of medication use during pregnancy. The infant weighed 2960 g at birth, and was 49 cm in length, with a head circumference of 31 cm. Based on anamnestic data, at birth the newborn was considered to be a healthy child. The clinical examination of the cardiopulmonary apparatus excluded any pathological findings. Her cardiac frequency was 130 beats per minute (bpm).
The physical examination of the newborn the day after birth revealed a decreased cardiac frequency (90-100 bpm). An urgent electrocardiogram (ECG) was requested to evaluate the QT tract. This ECG was considered to be normal. On the same day, the physicians booked an ECG examination for 5 days later, and they discharged the child in good clinical condition.
The day after the discharge (on the third day of life), the newborn was brought to the pediatric emergency department. She was cyanotic, hypotonic, and without any effective cardiopulmonary activity. After unsuccessful cardiopulmonary resuscitation, the physicians recorded her death.
Autopsy findings
At autopsy, the study of the heart revealed a severe congenital cardiac malformation. The aorta was fused with the right branch of the pulmonary artery, just after the origin of the epiaortic vessels, giving rise to a common trunk (Figure 1 ). The infant also had a hypertrophic right myocardium (Figure 2) , ascending aorta hypoplasia, signs of pulmonary edema, and coronary arteries free of any pathological findings. There was nothing else of note according to the macroscopic examination. The microscopic study of the brain and lungs showed diffuse signs of blood congestion.
Death was due to respiratory arrest secondary to deep anoxia. The closure of the ductus Botalli (also called the ductus arteriosus) had worsened the effects of the pathological shunt; indeed, this closure precipitated cardiac failure. The consequent lower cardiac output led to progressive arterial desaturation and death.
The postnatal karyotype of the infant was normal (46 XX) and the fluorescent in situ hybridization (FISH) for the DiGeorge syndrome critical region (22q11) was undertaken; it did not show the 22q11.2 deletion.
Discussion
The best classification of CAT is still under debate. According to Collett and Edwards [12] , CAT malformations can be subdivided into different anatomical types, with respect to the origin of the pulmonary arteries. In type I, a short main pulmonary trunk arises from the truncus and divides into the right and left pulmonary branches. In types II and III, the pulmonary trunk is absent, the 2 pulmonary branches arise posteriorly, they are separated from the truncus, and either close to each other (type II) or more laterally and widely separated (type III). In type IV, there are no pulmonary arteries, and this should be considered a type of pulmonary atresia with ventricular septal defect.
Russel et al. [13] reinforced the advantages of a new nomenclature and classification based on the simplified and rationalized scheme of Jacobs [14] .
. This scheme classifies the heart on the dominance of either the systemic aortic, with a mortality risk during repair of 14.1%, or the pulmonary components if associated with hypoplastic aortic trunk, with a mortality risk during repair of the common trunk of 29.8%, reconciling the existing classification with recent findings relating to cardiac development [15, 16] . The Russel classification and the relative variants are given in Table 1 . According to the Russel classification, the anomaly of the case we reported here, which consisted of fusion of the aorta with the right pulmonary artery and concomitant hypoplasia of the aorta, led us to believe that this was a CAT variant with pulmonary dominance. This isolated abnormality was responsible for the onset of the pulmonary vascular congestion that caused the cardiac failure symptoms and death of the infant. A thorough review of the literature revealed some previous reports of CAT variants and their surgical repair [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] (Table 2 ), but to date, no similar case as we described here has been reported in the literature.
It should be considered that up to 10% of cases with CAT are associated with genetic syndromes [33] . One of the frequent causes of CAT is the 22q11.2 microdeletion involved in the DiGeorge syndrome [34] . The CAT defect can also be due to GATA6 mutation (member of a small family of zinc finger transcription factors) present on chromosome 18q11.2, which is accompanied by agenesis or pancreatic hypoplasia [35] . Mutations of the CHD7 gene (member of the chromodomain helicase DNA protein family) were detected in over 75% of patients with CHARGE syndrome (coloboma, heart defect, atresia choanae, retarded growth and development, genital hypoplasia, and ear anomalies/deafness), a syndromic disease that has been also linked to the presence of CAT abnormalities [36] . In our case, FISH analysis ruled out the association of the CAT with microdeletion on chromosome 22q11.2, while the GATA6 and CHD7 mutations were not associated with the reported defect since the autopsy procedure failed to find any of the related malformations linked to these 2 gene mutations.
It is well known that the CAT malformation is associated with a high risk of early mortality if it is not surgically treated [37] . This underlines the importance of prenatal diagnosis to decrease neonatal morbidity and mortality. Moreover, this allows parents and physicians to determine whether to continue a pregnancy, to plan elective delivery at a tertiary care center to avoid the need for postnatal transport, to reduce the risk of compromising the neonatal hemodynamic stability and costs, as well as to reduce the inevitable future medico-legal disputes in cases where there is no prenatal diagnosis.
Variant Source reference
Prenatal diagnosis of anomalous origin of the right pulmonary artery from the ascending aorta Jung MJ et al. 2002 [17] Anomalous origin of the right pulmonary artery from the ascending aorta Prifti E et al. 2004 [18] Anomalous origin of the left coronary artery from the right pulmonary artery in an infant with coarctation of the aorta Radha AS et al. 2004 [19] Aortic origin of the left pulmonary artery in an infant with Fallot's tetralogy Carretero J et al. 2005 [20] Surgical results of anomalous origin of the right pulmonary artery from the ascending aorta, including reoperation for infrequent complications. Kajihara N et al. 2008 [21] Prenatal diagnosis of anomalous origin of the right pulmonary artery from the ascending aorta, with hypoplastic right ventricle and pulmonary stenosis Oztunc F et al. 2008 [22] Anomalous origin of the right pulmonary artery from the ascending aorta: 64-slice MDCT findings Kwon SH et al. 2009 [23] Anomalous origin of the left coronary artery from the right pulmonary artery presenting following relief of left heart obstruction: a distinct and predictable clinicopathological syndrome Morgan G et al. 2010 [24] Anomalous left coronary artery from the right pulmonary artery with aortic fusion Kumar KS et al. 2012 [25] Unusual combination of hypoplastic left ventricle, atrioventricular septal defect with restrictive ventricular septal defect, and common arterial trunk Tripathi RR et al. 2012 [26] Case of congenital aneurysm of sinus of Valsalva with common arterial trunk Nakamura Y et al. 2014 [27] The trunk with a twist: right sinus origin of pulmonary arteries in a child with common arterial trunk Gupta SK et al. 2014 [28] A rare type of common arterial trunk with interrupted aortic arch, partial anomalous pulmonary venous connection, and phenylketonuria Ayyildiz P et al. 2015 [29] Surgical correction of truncus arteriosus with unusual origin of the right coronary artery Rodríguez H et al. 2016 [30] Prenatal diagnosis of the rare association of common arterial trunk and double aortic arch Rock A et al. 2016 [31] An unusual combination of truncus arteriosus, interrupted aortic arch, and hypoplastic left ventricle Marathe SP et al. 2017 [32] Through antenatal screening it is possible to use an ECG to obtain the complete diagnosis of CAT by 18 weeks gestation, with 95% confidence [38] . In CAT, the 4-chamber views are normal, and therefore an analysis of the great arteries and the outflow is necessary for diagnosis. In addition, a functional analysis can predict prenatal and postnatal prognosis. Particular attention should be given to the occurrence of arch anomalies, which can increase the risk of a 22q11.2 microdeletion (e.g., a right aortic arch, interruption of the aortic arch), which will worsen the long-term prognosis and increase the risk of recurrence [33] . Although the frequency of intra-uterine diagnosis has increased in the last few years, the CAT detection rates reported remain low: 32.0% to 76.8% [39, 40] because the outflow tracts are only visualized in 57% of cases, with a variation between regions from 25% to 84%.
Recently, we have witnessed an evolution in the prenatal assessment of the fetal heart and great vessels defects by the use of new imaging modalities. The 3-dimensional/4-dimensional ultrasound multiplanar imaging is a display modality that allows the simultaneous visualization of up to 8 parallel anatomical planes [41] . These multiple axial views increase the detection rate of cardiac anomalies [42] , thus simplifying the examination of the fetal heart and ultimately reducing the dependence of the examination on the skill of the individual operator, which will thus minimize potential errors [43] .
Also, in the newborn period, detailed echocardiography that evaluates all of the anatomical components and usual and unusual cardiac anomalies that are associated with CAT remain the primary, and in most cases the only, mode of pre-operative and intra-operative evaluation of this malformation [44] . Recent studies have assessed the pulse oximetry as a form of screening for serious forms of congenital heart disease in the neonatal period. This imaging method adds value to the existing screening by identifying critical congenital heart defects that are not detected prenatally or by neonatal screening [45] .
Conclusions
Although management of patients with unconventional physiologies remains challenging, such as for those with d-transposition of the great arteries and the common arterial trunk, advances in prenatal diagnosis and pre-operative and postoperative management have significantly improved survival in these patient populations. However, there remains significant room for improvement, particularly with regard to morbidity. Future studies should focus on optimizing and standardizing in-hospital and out of hospital care, with the goal being to improve morbidity, mortality, and functional outcomes. Most CATs can be diagnosed prenatally with a high degree of accuracy. However, the correct assessment of the interventricular septum, the right outflow tract, the distal aortic arch, and the anatomy of the pulmonary artery branch is often difficult to perform prenatally, although sequential echocardiography might help to obtain a correct diagnosis. Early diagnosis of babies with lesions that can result in cardiovascular collapse and death might improve their survival, as well as reducing morbidity. With a late diagnosis, some of these babies can present in a very poor clinical state and with a compromised outcome. At the same time, a late diagnosis might determine the beginning of medico-legal disputes.
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